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(g) Dielectric deposition. 



(g) A method for fomning a thin high quality interievel dielectric (i.e., 19) is disclosed. The dielectric (i.e., 
19) is produced in a plasma reactor utilizing a precursor gas such as TEOS. Pressure, power, 
temperature, gas flow, and showerhead spacing are controlled so that a dielectric of TEGS may be 
deposited at 60-5 A/sec., thus making fonfnation of thin (800 A) high quality dielectrics feasible. 
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Technical Field 

This applicati n relates g neralty to th manufacture of s miconductor integrat d circuits and, m re par- 
ticularly, to methods for producing dl lectric layers in such circuits. 

5 

Background of the Invention 

It is customary in the manufacture of integrated circuits, to form dielectric layers between conductors which 
interconnect various portions of the circuit. The conductive interconnections, known as "runners," may be made 
10 from a metal, such as aluminum or tungsten, ormay be made from doped poly-silicon, perhaps with an overlying 
layer of silicide. In some applications, the entire runner may be made from silicide. 

It is sometimes desired, for example, in certain SRAM applications, to have a comparatively thin dielectric 
layer between the second- and the third-level conductors. One method for providing such an inter-level dielec^ 
trie Is to use low-pressure chemical vapor deposition (LPCVD) of silicon dioxide from an appropriate precursor 
15 gas, such as TEOS. However, the relatively high (approximately 720*C) deposition temperature of LPCVD 
TEOS may cause degradation of siiicided runners. 

Plasma-enhanced TEOS processes (PETEOS) utilize a lower deposition temperature (approximately 
390^0), but are often too fast (i.e., deposit material too quickly) and produce material layers of uneven quality. 
Typical standard PETEOS processes can produce a comparatively thick (10,000 A) dielectric film at a rate of 
20 approximately 1 25 A per second. However, this deposition rate is too fast for situations in which a thin (approx- 
imately 1000 A) or ultra-thin (approximately 100 A) dielectric is desired because the deposition process is not 
completely stable in the first few seconds after startup. 

Summary of the Invention 

25 

Illustratively, the present invention provides a manufacturable process for depositing a thin layer of high 
quality, uniform dielectric in a reactor by utilizing a deposition rate which is slower than standard processes. 
Applicant has found that by reducing the ratk> of precursor gas flow rate to oxygen flow rate, a dielecbic with 
the aforementioned characteristics can be produced. 

30 

Brief Description of the Drawing 

FIG. 1 is a cross-sectional view showing a portion of a product (e.g., a semiconductor integrated circuit) 
produced by an illustrative embodiment of the present Invention. 

35 

Detailed Description 

Turning to FIG. 1, a semteonductor product is shown including runners 13, 15. and 17, and dielectric ma- 
terial 11 and 19. Dielectric material 11 may be formed by a conventional PECVD deposition process described 

40 in greater detail below. Typically, there may be located beneath dielectric 11 a body, a material which may in- 
clude, for example, a silicon substrate, another dielectric layer, or both. Conductive runners 13 and 15 are 
formed upon dielectric layer 11 , Runners 13 and 15 may be made from a metal, such as aluminum or tungsten, 
or may be made from doped polysilicon or amorphous silicon. Alternatively, runners 1 3 and 1 5 may be a silicide, 
such as titanium silicide. Runners 13 and 15 may be only partially silicide, i.e., only the upper portions of runners 

45 13 and 15 may contain silicide, while the lower portions comprise polysilicon or amorphous silicon. Runners 
13 and 15 may be connected to the active regions of transistors, such as sources, gates, or drains. Windows 
or vias through which the connections may be made are not depicted in the figure. Alternatively, runners 13 
and 15 may be connected to other lower-level runners. Dielectric 19 covers and surrounds runners 13 and 15. 
Runner 17 is located atop dielectric layer 19. Runner 17 may be connected through vias or windows to lower 

50 runners, such as 13 or 15, through openings not illustrated. In many applications, it is desired that dielectric 
19 be comparatively thin (e.g., approximately 800 A). For example, a comparatively thin dielectric may be used 
when runner 17 and runners 13 and 15 are at the same or nearly the same voltage which may occur, for ex- 
ample, in certain SRAM c lis. 

Asm ntion dbef re, formation of dl I ctric 19 by prior art LPCVD TEOS processes r quires a temperature 

55 of approximately 720°C. The comparativ ly high temperature of 720*»C may cause degradation of any silicide 
material in runners 13 and 15. 

Alternatively, dielectric 19 may be formed by a prior art PETEOS process. The PETEOS process requires 
a lower deposition temperature (approximately 390''C). However, typical PETEOS processes are very fast - 
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they may produce approximately 125 A of material per second. Consequently, a mere 6 seconds, or so Is re- 
quir d for deposition of appnoximat lySOOAofdi iectric 19 thickness. Furthermore, when di lectric19 is pror 
duced by PETEOiS proc ss, th resulting iayer is often of unev n quality. 

It is hypothesized that the un v n quality btains becaus the plasma utilized to form layer 1 9 by the prior 
art PETEOS process does not b come fully stabilized until approximately thr or more seconds after initiation. 
Dielectric formed during the initial unstable phase of plasma creation has poor dielectric properties. However, 
if dielectric 19 is to be comparatively thin (I.e., 800 A), it is essential that the dielectric should be of high quality. 
It is hypothesized that the dielectric layer formed during the first 3 seconds contains, in addition to silicon di- 
oxide, impurities such as carbon and Si-OH. 

Applicant has discovered processes for producing a comparatively uniform high-quality dielectric layer 
which is formed in a plasma-enhanced reaction using a precursor, such as TEOS. The deposition process is 
comparatively slower, i.e., 60-5 A per second than conventional PETEOS deposition which is typically 125 
A/second. The inventive processes adapt well to deposition equipment, such as the AMI 5000, manufactured 
by Applied Materials Corporation, Santa Clara, California. Furthermore, the teachings of the present Invention 
are also applicable to apparatus made by other manufacturers, such as Novellus. 

Applicant's processes for producing a dielectric layer utilizing a precursor gas, such as TEOS, is detailed 
below In Table 1. The table Includes three embodiments in columns A, B, and C. For comparison, conventional 
PETEOS process parameters are also listed In Table 1 . 



TABLE 1 





A 


B 


C 


Conventional 
Processes 


Typkal 
Thicknesses 


S00-3000A 


200^A 


SO-20OA 


>10.000A 


Pressure 


8u>iT±10% 


6loirl 10% 


6-8iair 


9loir 


Power 


3S0w±10% 


100-200W 


200-300W 


3S0w 


TEOS flow 


200 seem ±10% 


100sccmllO% 


SO seem ±10% 


380 seem 


Oj flow 


600sccm±10% 


700 scan ±10% 


730 seem ±10% 


42S8ccm 


Suscept Temp. 


>39a410*C 


>390-410*C 


>39(M10*'C 


390'C 


Spacing 


200-300 mil 


300mfl±10% 


300ma±10% 


190 mil 


Deposition Rate 


S0-60A/min. 


20-30A/sec 


S-lOA/sec. 


12S A/sec. 


Unifonnily (lO) 


±3% 


±2% 


±7% 


±3% 



Applicant hypothesizes that the deposition process involving a precursor, such as TEOS, involves two types 
of reactions: (1) a gas-phase reaction in the plasma and (2) a surface reaction upon the substrate. In the gas- 
phase reaction, TEOS and oxygen combine in the plasma. Oxygen radicals assist in the dissociation of TEOS 
and the burning-off of carbon and helium carrier gas. The surface reaction may be described as providing a 
final landing place for silicon dioxide species where they may combine and form bonds. Furthermore, the sur- 
face r action permits th desorption of undesirable sp cies, such as carbon, silicon carbid s, and Si-OH. 

Applicant's process (esp cially for embodiments Aand C) provides for an increase in the ratio of total plas- 
ma power to TEOS flow rat . The increased power makes the gas-phase reaction more efficient and provides 
f r the "burning off* of undesired species. Furth rm r , applicant's process provid s for an increase in the oxy- 
gen to TEOS flow rate ratio. Naturally, n might xpecttod or as the amountofTEOS if a slower deposition 
rat w r d sir d. How ver, th deer as d TEOS flow also m ans that und sirable carbonaceous mat rials 
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inherent in the TEOS chemistry are provided to the r action niore slowly. Thus, the undesired materials may 
be mor ff ici ncy burned off, thus enhancing th quality of the d posit d di I ctric. It should be noted that 
in all three embodim nts th total gas flow (TEOS plus oxyg n) is approximat ly constant (carrier gas. such 
as helium, is n t consider d). On might b t mpted to simply decrease both TEOS and oxygen in order to 
5 get a low r deposition rat . However, the resulting layer has been found to be not uniform. Alternatively, one 
might be tempted to decrease the flow of both gases and add an inert gas such as argon to maintain a total 
gas flow near 800 seem. However, the argon may be Incorporated in the resulting layer and degrade its prop- 
erties. 

The increased ratio of oxygen flow rate to TEOS flow rate is believed by applicant to be one of the most 
10 significant changes from standard process parameters for producing the desired layers. Thus, in a standard 

process, the ratio of TEOS flow rate to oxygen how rate Is approximately ||| = 1.1, whereas, the same ratio 

for applicants process is no higher than ~ ''So * applicant's process, the 

15 temperature of the substrate is slightly increased. A temperature increase to approximately 400-410°C is not 
generally significant in LPCVD reactions. However, the temperature increase is significant in PETEOS reac- 
tions. The increased temperature has been found to assist In converting Si-0 to silicon dioxide. Furthermore, 
the increased temperature enhances the desorptlon reaction which facilitates elimination of Si-OH and carbo- 
naceous materials. Applicant's process is also characterized by an Increased wafer-to-showerhead spacing. 

20 (The showerhead is the multi-hole apparatus through which the TEOS, oxygen and carrier gas are dispensed.) 
The increased wafer-to-showerhead spacing means that species arriving at the substrate surface are less like- 
ly to contain undesired by-products of the TEOS dissociation. 

Examination of Table 1 shows that the thickness uniformity of at least embodiments A and B Is comparable 
to conventional processes. Such uniformity enhances manufacturability of the process. The somewhat poorer 

25 uniformity of embodiment C may be due to the presence of native oxide (of uneven thtekness) which becomes 
a more significant part of the resulting oxide than in other embodiments. The present invention is applicable 
to the formation of dielectrics, not only between conductive runners, but also between active transistor regions 
and first-level runners. Furthermore, the inventive principles are applicable to deposition of dielectrics from 
other precursors such as tetramethylcyclotelraslloxane (C4Hi6Si404) with the acronym 'TMCTS," sold under 

30 the trademark TOMCATS" by J. C. Schumacher, a unit of Air Products and Chemicals, Inc. 



Claims 

A method of semiconductor integrated circuit fabrication comprising: 

depositing a dielectric material (i.e., 1 9) upon a body (I.e., 11) by a plasma enhanced chemical vapor 
deposition process, said deposition taking place from a precursor gas and oxygen, each having respective 
flow rates, and CHARACTERIZED IN THAT the oxygen and precursor gas flow rates are controlled so 
as to produce a deposition rate which is less than the depositton rate of a standard plasma enhanced chem- 
ical vapor deposition process. 

The method of daim 1 in which said ratio of oxygen gas flow to said precursor gas flow Is greater than 
approximately 2.4. 

The method of daim 1 in which said deposition takes place in a reactor, there being a pressure inside said 
reactor and said pressure is chosen firom the group consisting of the ranges 8 torr ± 10%, 6 torr ± 10%, 
and 6-8 torr. 

The method of claim 1 in which said plasma is characterized by a total power and said power Is chosen 
from the group consisting of 350W ± 10%, 100-200W; and 200-300W. 

The method of claim 1 in which said precursor gas is TEOS. 

Th method of claim 5 In which said TEOS flow rate is chosen firom the group consisting of 200 seem ± 
10%, 100 seem ± 10%, and 50 seem ± 10%. 

The method of claim 5 in which said oxygen flow rate is chos n from the group consisting of 600 seem ± 
10%, 700 seem ± 10%. and 750 seem ± 10%. 
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8. The method of dainn 1 in which said body (i.e., 11) is on a susceptor and said susceptor temperature is 
great r than SSO^'C and less than approximately 410®C. 

9. The method of claim 1 in which said body (i.e., 11) is on a susceptor and there is a showerhead a prede- 
5 termined distance opposite and said susceptor said distance betw en said show rhead and said suscep- 
tor Is chosen firom the group consisting of 200-300 mil and 300 mil ± 10%. 

10. The method of claim 1 in which said precursor gas is TMCTS. 
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FIG. 1 
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